ABSTRACT Conventional K-Ar and 40 Ar/ 39 Ar age data on altered basalts from DSDP Hole 192A on Meiji Guyot, Emperor Seamount chain, indicate a minimum age for the volcano of 61.9 ± 5.0 m.y. The K-Ar data are consistent with the early Maestrichtian date of the overlying sediments, but do not provide either a positive or negative test of the hypothesis that Meiji is older than Emperor volcanoes to the south. The most prominent alteration affecting the age measurements is potassium metasomatism, particularly of feldspar phenocrysts. The K-Ar apparent ages of feldspar separates from the Meiji basalts show that more than half of the potassium metasomatism occurred within the last 25 m.y. or so, and that if the potassium replacement rate has been constant, then the alteration of the Meiji basalts did not begin for 10 to 20 m.y. after the volcano formed.
INTRODUCTION
Meiji Guyot is located beneath a thick hemipelagic sediment blanket in 3000 meters of water at the northern end of the Emperor Seamount chain near the confluence of the Aleutian and Kuril trenches (Figure 1 ). Although there is a possibility that north of 52 °N latitude the Emperor chain bends northeast and disappears into the Aleutian Trench (Jackson et al , 1972) , it is generally thought that it bends northwest and that Meiji is the northernmost guyot in the chain. The age of the crust in the vicinity of Meiji is poorly known, but on the basis of magnetic anomaly patterns (Hilde et al. 1970 ) and the age of the sediments atop Meiji (Worsley, 1973) , it was probably laid down in the Late Cretaceous. Recent paleomagnetic data (Marshall, 1978) show that Meiji formed at a latitude of 19° ± 3.6°; this strengthens the hypothesis that Meiji volcano is part of the HawaiianEmperor volcanic chain and that it formed over a hot spot near the present latitude of Hawaii (Morgan, 1972) .
It is now known from radiometric data that the Hawaiian chain of volcanoes becomes progressively older to the northwest away from the active volcanoes of Kilauea and Mauna Loa on the island of Hawaii, and that the Hawaiian-Emperor bend is about 43 m.y. old (see recent summaries in Dalrymple and Clague, 1976; Dalrymple et al., 1977) . Recent K-Ar data from Leg 55 drilling (Dalrymple, Lanphere, and Clague, this volume) have shown that the age progression continues northward along the Emperor chain at least as far as Suiko Seamount (64.7 ±1.1 m.y.), 1350 km north of the Hawaiian-Emperor bend. From Suiko northward there are no radiometric data.
Meiji Seamount was drilled on . The oldest sediments above the basalt contain a diverse lower Maestrichtian nannoflora (Worsley, 1973) , indicating that Meiji Seamount is at least 68 to 70 m.y. old (van Hinte, 1976) . The basalts of Hole 192A are much too altered to give reliable radiometric ages by conventional wholerock K-Ar dating. Because of the importance of Meiji as possibly the northernmost Emperor volcano, however, we attempted to obtain a radiometric age using a combination of conventional whole-rock K-Ar, conventional feldspar K-Ar, and whole-rock 4O Ar/ 39 Ar incremental heating techniques, even though the extensive alteration made total success highly improbable.
DESCRIPTION OF THE BASALT
Five flows of extrusive basalt, ranging in thickness from 0.35 to 8.4 meters, were cored in Hole 192A. All the flows appear to be pillow basalts with glassy margins and coarser diabasic interiors, indicating that they were extruded beneath the sea . The flows are highly altered and contain abundant secondary clay minerals, calcite, and iron oxides. The calcic cores of many of the plagioclase phenocrysts are replaced to varying degrees by K-feldspar with the optical properties of sanidine. This feldspar contains as much as 99 per cent orthoclase by composition, with only trace amounts of Na 2 O and CaO . This replacement is probably due to K-rich alkaline solutions produced during alteration of the basalts , and was also found in basalt of Hole 165 (Bass et al., 1973) . In many parts of the core, the K-feldspar has in turn been replaced by clays.
The extensive alteration makes classification of the basalts very difficult. Stewart et al. (1973) list one chemical analysis of a basalt from Hole 192A (Sample 5-6, 1-10 cm). This analysis clearly shows the effects of alkali metasomatism: K 2 O content is 2.0 per cent. The chemical and microprobe data reported give contradictory indications on the composition of the basalts. On the one hand, because of the alkali enrichment, the basalt analysis plots in the alkalic field of Macdonald's (1968) alkali-silica diagram for Hawaiian basalts. On the other hand, the basalt has trace-element characteristics of either an island-edifice tholeiite (Zr-Sr relationship, after Bass, 1971) or a mid-ocean ridge tholeiite (Zr-Y-Ti relationship, after Cann and Heath, 1976) . None of these inter-element relationships can be considered definitive, because only semi-quantitative (±15%) trace-element data were obtained. Also, the stability of Sr during alteration is questionable in view of the alkalifeldspar replacement of plagioclase, and Zr and other incompatible elements might have been affected by the total transformation of interstitial material to clays.
In an attempt to avoid these problems, we have analyzed a near-glassy portion of a pillow in Core 5 for both major oxides and trace elements ( Table 1 ). The sample was selected because thin-section examination had shown no sign of the otherwise pervasive replacement of plagioclase by K-feldspar, probably because of the low permeability of this fine-grained portion of the core. Trace elements were analyzed by X-ray fluorescence techniques, and include elements (Zr, Y, Nb, and probably Sr) which, along with TiO 2 , appear to resist mobilization even during extensive alteration (e.g., Cann, 1970; Wood et al., 1976) , and which are especially useful for basalt classification. Trace elements were corrected for matrix effects and instrumental interferences following the method of Bougault et al. (1977) . Corrections for elemental interferences (Zr for Sr, Y for Rb, Nb for Y) were made following procedures discussed in Cann (1970) and detailed in a private document provided courtesy of J. R. Cann. The sample was calibrated to both USGS and French international Reference standards (Flanagan, 1973) . Standard errors on the corrected trace element calibrations are listed on Table 1 .
Although the sample did not experience extensive K-metasomatism, it is riddled with clay patches and is intensely oxidized and hydrated. Secondary calcite also occurs. Therefore, it is virtually certain that MgO and CaO are not at their original concentrations, and the major oxide-summation is low. There is also probably some K 2 O enrichment in the clays. TiO 2 content is still fairly low (2%), and K 2 O is much lower than in the analysis originally reported by Stewart et al. (1973) . The sample has sufficiently low total alkali content to be a tholeiite, according to the classification of Macdonald (1968) . The mobile trace elements, Rb and Ba, are also low. Consideration of the ratios of the elements which are stable during alteration leads to the following conclusions:
1) On the basis of Ti/Y and Zr/Y ratios, the basalt falls in the field of "within-plate basalts" of Cann and Heath (1976) .
2) On the basis of Ti/Sr and Zr/Sr relationships, the basalt falls in the field of ocean floor basalts of Cann and Heath (1976) .
3) The ratio Nb/Zr is elevated, compared with typical depleted mid-ocean ridge basalts, but is similar to less depleted Reykjanes Ridge basalts (Wood et al., 1979) .
In all likelihood, then, the Meiji seamount basalts of Site 192 were island-edifice tholeiites, and thus probably represent the shield-building stage of Meiji volcanism. This verifies the conclusion based on trace elements of Stewart et al. (1973) .
In Stewart et al. (1973) , some stress was placed on the clinopyroxene analysis as a criterion for basalt identification. As indicated in that paper, the clinopyroxene phenocrysts are unusually calcic, and in that respect comparable to clinopyroxenes in some oceanic island alkalic suites (cf. Maui: Fodor et al., 1975) . By the criteria of LeBas (1962) , the Meiji basalt clinopyroxene phenocrysts resemble those of tholeiitic suites in terms of Ti and Al, whereas the groundmass pyroxene compositions (to LeBas, the most definitive test) resemble those of alkalic basalts.
Recent analyses of clinopyroxenes from the ocean floor tholeiite suite (Donaldson et al., 1976) indicated that high Ca content is not necessarily an indication of alkalic parentage. More important, groundmass clinopyroxenes in sea-floor extrusive basalts have highly variable compositions because they formed under disequilibrium conditions and can have skeletal or dendritic morphologies. They are thus not easy targets for an electron microprobe. The Meiji groundmass clinoproxene analyses given in Stewart et al. (1973) , reflect these ambiguities, and thus may not be diagnostic of the parentage of the basalts.
At this time, the weight of evidence suggests that the Meiji basalts were originally tholeiitic, although alteration makes accurate determination of their original chemistry difficult.
SAMPLES DATED
Basalt samples from six intervals within the thickest basalt flow cored (Unit 2, 0.35 to 8.4m) were selected for study. All are from Core 5, Hole 192A. Three of the samples were fairly large (5-2, 37-42 cm; 5-3, 41-48 cm; and 5-6, 56-62.5 cm), allowing feldspar fractions to be separated from them. The other samples (5-2, 125-126 cm; 5-4, 100-101 cm, and 5-5, 70-71 cm) were used for whole-rock determinations.
The samples were selected from the least altered portions of the core. Zones of intense alteration up to 5 cm wide border almost all cracks throughout the rock. The larger cracks are typically filled with calcite and reddish iron oxides, and are spaced at 10 to 30 cm intervals. Thin-section examination reveals that alteration to smectites and replacement of calcic plagioclase with alkali feldspars and clays is most intense in these zones. In hand specimen, each sample selected appeared about equally altered, but none was as intensely altered as zones next to cracks.
Phenocrysts of plagioclase are more typically transformed to alkali feldspar than is groundmass plagioclase. Therefore, samples were selected that were fairly coarse grained (coarsely sub-ophitic to ophitic textures), to facilitate separation of least-altered feldspars. The principal differences among the samples selected for dating are not mineralogical. All are sparsely plagioclase-clinopyroxene phyric basalts with abundant groundmass plagioclase and clinopyroxene and virtually no (altered) olivine. Grain size, however, varies from medium to coarse grained; the samples from Sections 3 and 4 have diabasic textures. All samples, however, contain between 20 and 40 per cent of generally altered interstitial matrix. This material probably was once mainly glass with opaque minerals and spherulitic or dendritic projections from the larger crystals, mainly clinopyroxene; it is now entirely replaced by clays and calcites. In the samples selected, especially those with diabasic textures, these clays can be seen in hand specimen as small (1 to 2 mm) dark lumps highlighted by the surrounding white feldspars.
The problem of age determination in these samples was therefore twofold. First, the effects of the altered mesostasis had to be minimized. Consequently, feldspar separation was necessary. Second, the effects of authigenic K-feldspar replacing plagioclase had to be minimized (by selecting least-altered samples) and, if not altogether eliminated, quantitatively assessed. As we shall show, we can only derive a minimum age for Meiji Guyot from our data, but we can put time constraints on the formation of the authigenic alkali feldspars.
K-Ar TECHNIQUES
Samples for whole-rock analysis were either sawed (conventional) or cored (^Ar/^Ar) in fresh water. A portion of each sample was crushed to less than 100 µm for the K 2 O measurement. Feldspar in several size ranges (44 to 63 µm, 63 to 105 µm, 105 to 149 µm) was separated from three sample intervals using ceramic crushing equipment, stainless steel sieves, and a Frantz magnetic separator. The feldspar concentrates were leached in dilute HF to remove adhering glass, clay, and other mineral fragments, and in 10 per cent HC1 to remove calcite. Final cleaning was done in distilled water, using an ultrasonic cleaner.
Conventional Ar measurements were made by isotope dilution mass spectrometry, using techniques and equipment described by Dalrymple and Lanphere (1969) . Potassium was measured for the whole-rock samples by flame photometry, using lithium metaborate fusion (Ingamells, 1970) , and for the feldspar concentrates using isotope dilution with a mixed ^K-^K tracer.
For the 40 Ar/ 39 Ar measurements, small cores 1 cm long by 0.6 cm diameter and weighing 0.6 to 0.7 grams were sealed in air in fused silica vials and irradiated at 1 megawatt for 25 to 30 hours in the core of the U. S. Geological Survey TRIGA reactor, where they received a neutron dose of 2.5 × 10 18 to 3.0 × 10 18 nvt. The irradiation procedures, reactor flux characteristics, fluence monitor minerals, corrections for interfering argon isotopes, data reduction and error estimating procedures, and incremental heating techniques are described by Lanphere (1971, 1974) , Lanphere and Dalrymple (1971) , and Dalrymple et al. (in press ).
RESULTS AND DISCUSSION
The total fusion K-Ar and ^Ar/^Ar results (Table 2) clearly show the effects of the potassium metasomatism on the K-Ar system. For both the whole-rock and the feldspar samples, the calculated ages generally, though not always, decrease with increasing K 2 O content. The K 2 O content in the basalts ranges from 0.75 to 2.1 per cent. The oldest whole-rock K-Ar ages are from Samples 5-2, 37-38 cm and 5-3, 41-42 cm, which have K 2 O contents of about 0.9 per cent and ages of 51 to 52 m.y. The K 2 O contents in the feldspar concentrates range from 0.12 to 7.0 per cent, and the ages from 62 to 22 m.y. X-ray diffractometer analyses show that all the feldspar separates are mixtures of sanidine and plagioclase. The X-ray patterns of feldspars from Section 5-6, which have about 7 per cent K 2 O, show a large portion (estimated 50 to 75 °/o) of sanidine, whereas the X-ray patterns of the feldspars from Section 5-2, which have only 0.1 to 0.2 per cent K 2 O, show only a slight trace of sanidine.
The feldspar K-Ar results can be interpreted as simple mixing of two phases, each with a different apparent K-Ar age. We have calculated the effect of such mixing by assuming that the plagioclase has a K 2 O content of 0.1 per cent and an age of 70 m.y., and the K-feldspar a K 2 O content of 10 per cent. The resulting curves, showing the change in the apparent K-Ar age of the mixture as a function of the K 2 O content (and per cent of K-feldspar) of the mixture, are shown in Figure 2 for various K-feldspar apparent ages. The calculations show that the apparent ages of such plagioclase K-feldspar mixtures are most sensitive to the apparent age of the K-feldspar, and relatively insensitive to the age of the plagioclase or the K 2 O contents of either the plagioclase or the K-feldspar. Curves calculated for a K-feldspar K 2 O content of 7 per cent, for example, almost exactly overlie those of Figure 2 , and the effect of doubling or halving the plagioclase K 2 O content shifts the curves only slightly to the right or left, respectively. The figure shows that for feldspar mixtures with K 2 O contents above about 2 per cent, the apparent age of the mixture is essentially the apparent age of the K-feldspar.
The feldspar K-Ar data from Table 2 indicate that the apparent ages of the K-feldspars are 22 to 28 m.y. The whole-rock ages are also strongly influenced by the apparent age of the replacement K-feldspar, but they are nearly impossible to model in any realistic way because of complications arising from the uncertainty and variation of the initial K 2 O contents of the flow, the presence of K-bearing clay minerals, and argon loss from the clays and possibly from other interstitial phases.
The apparent K-Ar ages of K-feldspar probably do not represent time elapsed since crystallization, but are most likely averages that reflect the time-integrated history of the K-feldspar replacement. Even so, the data provide some valuable information about the time and (Cox and Dalrymple, 1967; Dalrymple and Lanphere, 1971) . ,Isotope dilution. Others by flame photometry. J = 0.006231, 37 Ar corrected for decay (tj/2 = 35.1 days). It may be that the rate of alteration increased as Meiji accumulated a thick sediment blanket and that alteration continues today. In any event, it is clear that half of the K-feldspar replacement in the basalts of Hole 192A took place within the last 25 m.y. or so. Ozima et al. (1977) similarly have found that the addition of K to a sample of alkalic basalt dredged from Lamont Guyot occurred much later than the crystallization of the basalt. These results from seamounts differ from the findings of Hart and Staudigel (1978) , who have shown that the alteration of 110-m.y.-old mid-oceanic ridge basalts in DSDP Hole 418A took place within 30 m.y. of their formation. All the data in Table 1 must be minimum ages, in view of the effect of the K-feldspar and other alteration products on the measured ages. Even the greatest age of 61.9 ±5.0 m.y. must be considered a minimum age because the X-ray diffraction data show that K-feldspar is present in the feldspar concentrate, although only in trace amounts. 40 Ar/ 39 Ar incremental heating experiments were done on the two whole-rock samples with the greatest apparent ages (Table 3 ; Figure 3) , to see if the age spectra would resolve the various age components. Not surprisingly, both age spectra indicate highly disturbed samples, and appear to be dominated by the replacement K-feldspar, by argon loss, or by both. The data do not show any linear correlation when plotted on an 4O indicates that the incremental heating did not resolve the apparent ages of K-bearing (sanidine) and Ca-bearing feldspars (plagioclase). The minimum K-Ar age of 61.9 ±5.0 m.y. is consistent with the early Maestrichtian date of the overlying sediments (Worsley, 1973) . It is not significantly different, however, from the age of 64.7 ±1.1 m.y. for Suiko Seamount (Dalrymple, Lanphere, and Clague, this volume) , and the Meiji K-Ar age data do not provide either a positive or negative test of the hypothesis that the Emperor chain becomes progressively older to the north of Suiko. The best minimum age for Meiji volcano is still about 68 to 70 m.y. (corresponding to early Maestrichtian time), determined by study of nannofossils in the overlying sediments. Figure 2 . Effect on the apparent K-Ar age of mixing K-feldspar of various apparent ages (22, 25, 28, and 35 m.y.) 
